Background: Keratoconic patients often require contact lenses for visual correction; a significant number discontinue clinic attendance and are 'lost to follow up'. This study identifies the characteristics of patients who discontinued or continued attendance and investigates ongoing visual management. Methods: Records were retrieved for 102 patients lost to follow up from the contact lens clinic for three or more years (cases). They were matched to 102 contemporaneous patients who continued attendance (controls). Parameters were compared to identify differences between the groups using logistic regression. Parameters investigated were gender, age, distance from home to clinic, duration of keratoconus, duration of clinic attendance, unilateral or bilateral diagnosis, whether one eye had received a graft, back optic zone radius (BOZR) and wear time. A survey investigated how discontinued cases were managing and the reasons for discontinuation such as comfort and handling problems. Results: There were no significant differences between cases and controls for gender, age, distance from home or having received a graft. Odds of discontinuation in unilateral patients were 2.6 times that of bilateral patients (p = 0.003). Fifty-three per cent of unilateral and 41 per cent of bilateral patients who discontinued did so within one year. Cases had shorter median duration since diagnosis (3.0 years versus 11.0 years, p < 0.0001) and shorter wearing times (56 hours per week versus 84 hours per week, p < 0.0001). BOZR was not significantly different between the two groups. The survey revealed poor comfort, handling problems and the ability to manage without as most common reasons cited. Conclusion: BOZR, an indicator of disease severity, was not associated with non-attendance. In general neophytes and those wearing a lens in one eye were more likely to discontinue.
Keratoconus is the most common corneal ectasia. 1, 2 The early stages are managed with spectacle correction. 3 In more advanced cases, rigid gas-permeable (RGP) contact lenses are required to produce a satisfactory level of visual acuity. 1, [4] [5] [6] [7] [8] [9] [10] Contact lens fitting delays the need for a corneal graft. Post-graft patients are reported to have lower quality of life indices than a similar RGP lens wearing group; 11 however, some patients do proceed to keratoplasty due to poor visual acuity or lens intolerance. 4, 5, 7, 12 UK hospital referrals usually originate from community optometrists following a routine eye examination. 3, 7 Our National Health Service (NHS) contact lens clinic serves a population of approximately 2.5 million with 1,200 active contact lenswearing patients with keratoconus. Practitioners may intuitively feel they know which patients are likely to discontinue. There are few data on the subject and no followup data on how their patients are managing.
The NHS provides lenses free (or at nominal charge), so most patients choose NHS clinics for their fitting and aftercare. Discontinuations are troublesome because the patients' ongoing visual status is unknown. There is a lost opportunity for clinical intervention. Few data are available to aid the understanding of this situation. It is unclear whether there are characteristic differences between those who continue to attend and those who do not.
The purpose of this work was to investigate which parameters are different for those who discontinue compared to those who continue attending. We investigate whether discontinuing clinic attendance indicates discontinuation of lens wear. Preventing discontinuation may have a significant impact on daily living and the need for corneal graft surgery. referred to the contact lens clinic. The diagnosis was made by an ophthalmologist on clinical grounds (including visual acuity, refraction, corneal examination and in more recent cases, topography). Some cases were diagnosed as unilateral; however, it is possible that there may have been subclinical keratoconus in the fellow eye.
Corneal RGP contact lenses are usually fitted in our clinic with the just apical clearance method. When viewed from the front the fluorescein pattern indicates threepoint touch with mid-peripheral and central area seeming to show no fluorescence. Examination using a bright, narrow slit at an angle of about 30 or 40 degrees to the viewing optics, shows a very thin fluorescein layer indicating minimal clearance over the central area or very light touch in places.
One hundred and two patients who had not attended clinic for between three and seven years (cases) were identified. Records of patients without attendance are destroyed after seven years. The patients were matched with 102 controls, defined as contact lens wearers attending at the same time as the last visit of the case (AE six months) and still attending three or more years later. Data were recorded for the last visit of the cases and the nearest visit of the matched controls.
The variables which were extracted from patient records are listed below: Wear time was recorded in the notes as hours per day and days per week. Based on these values, the number of hours of contact lens wear per week was calculated and entered as a separate variable. Distance from home postcode to clinic postcode was calculated for the fastest route determined by Google maps.
Logistic regression was used to measure the effect of factors on discontinuation. Logistic regression examines if independent variables can predict the odds of a particular dichotomous outcome; here either continuation or discontinuation of contact lens wear.
In a logistic model, the log odds of the outcome are modelled as a linear combination of the predictor variables. The coefficients give the change on the log odds (log of odds ratio) of the outcome for a one unit increase in the predictor variable. Tables 1 to 4 show the odds ratios and their 95 per cent confidence interval (CI), which is obtained after antilog transformation. Where the odds ratio CI includes 1.00 then the variable does not have a significant effect on discontinuation. If the odds ratio CI does not include 1.00 then the deviation in the odds ratio from 1.00 indicates how a one-unit change in the variable affects the risk of discontinuation. For example, if the odds ratio was say 0.97 then this indicates that a one unit increase in the variable decreases the odds of discontinuation by three per cent.
Models were adjusted for matching calendar year, as per the study design, to account for the possible effect of time. The effect of multiple testing was considered when interpreting the results. Increasing the number of comparison tests increases the chance of a type I error (the incorrect rejection of a true null hypothesis, a 'false positive'). Therefore, a significance level of 0.01 was used, lower than the 0.05 significance thresholds usually used, in order to reduce the probability of this error. Statistical software R i386 3.0.0 was used to perform the analyses. From logistic regression adjusted for year (for cases it was the year they had their last visit and for controls the year they had their nearest visit to the last visit of their matching case).
¥ Graft : no graft. § Unilateral : bilateral. *Not significant after allowing for multiple testing. Table 1 . Results from logistic regression, adjusted for matching year, for the effect of factors of interest on clinic aftercare discontinuation. The data for all 102 cases and 102 controls are shown.
Keratoconic patients lost to follow up Russell, Yusuf and Rajai
A survey was conducted of cases who had discontinued. Patients were contacted initially by telephone and, after receiving their consent, were asked the questions described in Table 5 
Median (interquartile). ‡
From logistic regression adjusted for year (for cases it was the year they had their last visit and for controls the year they had their nearest visit to the last visit of their matching case). §
For those who had rigid gas-permeable lenses in both eyes, 55 cases and 78 controls. From logistic regression adjusted for year (for cases it was the year in which they had their last visit and for controls it was the year in which they had a visit as the last visit for a case). The Visual Function Questionnaire (VFQ) was used to guide formulation of some of the questions. We acknowledge the VFQ-25 which was developed by RAND (RAND Health, Santa Monica, California, USA) and funded by the NEI (National Eye Institute is a part of the United States National Institutes of Health, Bethesda, Maryland, USA). 14 This study was carried out following NHS, Health Research Authority, National Research Ethics Service guidance. This study complies with the tenets of the Declaration of Helsinki.
Anonymisation of the data was achieved by removal of name and hospital number. These were replaced with a numerical patient identifier for statistical analysis.
RESULTS
The results (Tables 1 and 2 ) can be divided into those related to patient demographics, to lens wear parameters or lens parameters. These will be shown later.
Patient demographics
From the data presented, there was no significant effect of gender. When considering age as a parameter, there was a higher proportion of patients from the younger age group for the cases (Table 1) . In both groups, there were few patients over 45; however, there was no statistically significant effect of age on discontinuation.
The distance from the patient's home postcode to that of the clinic was established and no difference was found for cases versus controls.
A corneal graft was present in at least one eye in 20 cases and nine controls. This did not achieve statistical significance as a predictor of discontinuation, when accounting for multiple testing (p = 0.03).
Lens wear parameters
Odds of discontinuation in those with unilateral keratoconus were more than twice (2.6 times) those diagnosed with bilateral keratoconus (p = 0.003). For the case group, 52.6 per cent of unilateral and 40.6 per cent of bilateral patients had discontinued attendance within the first year. The median duration since first attendance and median duration since initial hospital diagnosis were significantly shorter for the case group than for the controls (both p < 0.001).
Wear time as hours per day and hours per week were significant factors. Wear times were significantly less for those who discontinued (p < 0.001); however, there were a substantial number of missing values (unrecorded data). A one-hour reduction in wear time increased the odds of discontinuation by three per cent.
Lens parameters
Eighty-four cases and 98 controls had an RGP lens in at least one eye. In the case group, 119 eyes wore RGP lenses of total diameter less than 10 mm, 23 wore RGP lenses 10 to 13 mm, nine wore lenses more than 13 mm, 10 wore a soft lens and 43 wore no lens (in which case the other eye had been fitted with a contact lens). In the control group, 154 eyes wore RGP lenses of total diameter less than 10 mm, 24 wore RGP lens 10 to 13 mm, nine wore lenses larger than 13 mm, three wore a soft lens and 14 wore no lens.
Fifty-five cases and 78 controls wore RGP lenses in both eyes. For each patient, BOZR of the eye with worse vision and the eye with the better vision were considered and they were compared between the two groups. There was no statistically significant difference between the two groups ( Table 2) .
A contact lens was worn in one eye only in cases and controls, where either the fellow eye had good uncorrected visual acuity or where a satisfactory fit could not be obtained. Additionally, some patients prefer to wear a lens in only one eye.
The relationship between BOZR and central corneal curvature may be different for 
Median (interquartile). ‡
From logistic regression adjusted for year (for cases it was the year in which they had their last visit and for controls it was the year in which they had a visit as the last visit for a case). §
For those who used rigid gas-permeable lenses in both eyes, 26 cases and 58 controls. (Tables 3 and 4 ). The same pattern was found except that for established wearers, being bilateral or unilateral was not significantly different between the groups.
Follow-up survey
Contact details for 102 cases were confirmed using the NHS database; of the total, three were deceased. There were 46 (46 per cent) responders, 36 via telephone and 10 via the post (Table 5) .
DISCUSSION
The findings presented here broadly agree with previous studies for the proportion of eyes (cases and controls) wearing rigid lenses (83 per cent), 3, 7, 9, 15 male bias (61.7 per cent cases, 64.1 per cent controls), 3, 9, 16 median age (cases 31 years, controls 35.5 years) 3, 7, 15, 17, 18 and the percentage of patients who had a corneal graft (19.6 per cent cases and 8.8 per cent controls). 3, 5, 9 As keratoconus is a chronic condition, a higher proportion in the older age group (over 45) would be expected. Increased mortality would be a possible explanation for this; however, no increased mortality has been shown in previous studies. 15, 19 It has been postulated that older patients are not as dependent on lens wear or have proceeded to keratoplasty. 15 Alternatively, it may also be due to onset of presbyopia in a myopic population, age-related corneal changes or a decrease in pupil size with age reducing the aberrations and increasing depth of focus. Studies of discontinuation in the general contact lens population have shown it to be associated with older age 4 and this effect of age on discontinuation is not statistically different for patients with keratoconus. 16, 20 If patients' homes are further from hospital, it is possible that they are more likely to discontinue due to the difficulty of attending appointments; however, the median distances from the patients' postcodes to the contact lens clinic were not found to be different for cases (10.5 kilometres) and controls (11.3 kilometres) for our mostly urban population.
There is a higher proportion of unilateral patients in the cases group (38 patients; 37.3 per cent) versus the controls group (19 patients; 18.6 per cent). In total 57 (28 per cent) were unilateral. However, we did not investigate whether there were undiagnosed signs in the fellow eye. A recent global consensus publication 2 has concluded that 'true unilateral keratoconus does not exist'. Early signs in the fellow eye may be subclinical. The higher levels of discontinuation in unilateral keratoconic patients may reflect no improvement to habitual, binocular acuity.
The median duration of keratoconus was three years for cases and 11 years for controls (p < 0.0001). The duration of clinic attendance was significantly shorter for the cases (1.6 years) than for the controls (5.2 years) (p < 0.0001) clearly indicating the importance of recent diagnosis as a factor and the need for more support in the early phase of lens use.
While it is not surprising that patients at risk of discontinuation are more likely to have shorter wear times, we provide data to support that assumption. This has been reported in the general (non-keratoconus) contact lens wearing population. 20 Missing wear time values may indicate that lens wear had effectively ceased and wear time was zero (but not explicitly recorded as such); however, this cannot be and has not been assumed.
The disease severity is related to BOZR, as a steeper cornea generally requires a steeper lens (smaller BOZR); 15, 21 therefore, there is a relationship between BOZR and corneal curvature. However, there is no suggestion of a significant effect of BOZR on discontinuation. A possible reason for this might be that patients may discontinue lens wear at both ends of the spectrum; that is, both at the very early and the advanced stages of the disease. Statistically, the sample may not have had enough power to detect the difference.
The group including only those wearing an RGP lens of less than 10 mm diameter have a more homogenous relationship between BOZR and corneal curvature. The results for BOZR in this subgroup did not reach statistical significance after considering multiple testing; however, the wide confidence interval indicates the high uncertainty, which may be due to the small sample and requires further investigation. Intuitively, one would expect such a relationship to exist. Similarly, the CLEK study 11,22 also reported no association with disease severity and comfort. Poor comfort is the primary reason for discontinuation found here and elsewhere. 4, 5, 7, 12 The lack of association with disease severity will be an interesting avenue for future research. Individual patients exhibit variable tolerance to contact lenses.
Just under half (46 or 45 per cent) of the patients who discontinued did not become established wearers, defined here as more than 12 months clinic attendance. The data were reanalysed to compare established cases and established controls only. In much the same way, one might sub-analyse patients who were prescribed a medicine and took it, leaving out those who were prescribed but did not take it, when looking for an effect. This analysis was for established cases and controls only and did not alter the salient factors which were statistically significant (Tables 3 and 4) .
The results of the survey in Table 5 indicate that the majority of those who stopped attending the clinic, also stopped wearing lenses either most of the time (85 per cent) or completely (78 per cent). The most common reason given was poor comfort but problems with insertion and removal were also cited.
Where comfort is an issue, one could consider changing lens material (such as using low wetting angle or plasma-coated types) or diameter (such as peripheral corneal bearing sealed designs or scleral lens designs). Good edge design and fitting can reduce interaction between lens edge and lid margin; a major source of discomfort. The use of piggyback soft carrier lenses is also useful in many cases. Table 5 . Questions asked in the survey of patients lost to follow up. Three patients were deceased. Forty-six cases completed the survey. Where data are for the whole 46 respondents the number and percentages are given. Otherwise, actual patient numbers only are indicated.
Keratoconic patients lost to follow up Russell, Yusuf and Rajai
Ten of the 46 patients surveyed continued to wear lenses. Two were still wearing their lenses despite not attending our or any other clinic for aftercare for at least three years, which has implications for ocular health. Improved communication with patients lost to follow up may be helpful to improve compliance.
This study highlights the significant impact that poor vision has on quality of life in this patient group, with two patients stating that they had to give up driving and four saying poor vision had prevented them from learning to drive. Two other patients had given up work as a result of their poor vision. In addition to the costs of graft surgery, these consequences of discontinuing contact lens wear have significant economic implications. In the same way that alternative fitting strategies can improve comfort as stated earlier, they may also improve vision. In minimising central corneal touch to avoid accelerating scarring, there is often a difference between the lens that provides the best vision and the one that is thought to provide the best longterm health. This is often a difficult concept to get across to the patient.
